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@ In the process for producing acetic anhydride 
and acetic acid by reacting methanol and methyl 
acetate, optionally together "with dimethyl ether, with 
carbon monoxide, acetic anhydride and acetic acid 
are effectively produced with the use of a sequence 
of production facilities by carrying out separation of 
the low-boiling-point fraction consisting mainly of 
methyl iodide, methyl acetate and dimethyl ether 
with the use of at least two distillation zones, sepa- 
rating the catalyst of drops entrained from the vapor- 
liquid separation zone in at least one distillation zone 
and further by controlling the pressurlzation of the 
vapor-liquid separation zone and the above distilla- 
tion zones under 5 bar to a pressure being larger 
than the atmospheric pressure. 
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[Field of Industrial Application] 

The present invention relates to a process for 
producing acetic anhydride and acetic acid from 
methanol and methyl acetate, optionally together 
with dimethyl ether, with the use of a sequence of 
continuous production facilities. 

[Prior Arts] 

Acetic acid is a fundamental compound em- 
ployed in large quantity as a starting material of 
acetic esters, acetic anhydride, vinyl acetate and 
terephthalic acid and demanded in a wide spec- 
trum of industries, such as polymer and other 
chemical industries. On the other hand, acetic an- 
hydride is a compound not only employed in large 
quantity as a raw material for producing cellulose 
acetate but also being useful as a raw material of 
chemical products such as drugs, perfumes and 
dyes. The above acetic acid and acetic anhydride 
are chemical compounds interrelated in the prac- 
tical use. For example, in the cellulose acetate 
industry, acetic anhydride is produced from acetic 
acid, and reacted with cellulose to thereby obtain 
cellulose acetate and acetic acid, the latter being 
recycled. 

A process for obtaining acetic acid and acetic 
anhydride is known, showing that both are pro- 
duced by reacting either methyl acetate and 
methanol or dimethyl ether and methanol with car- 
bon monoxide, using a continuous series of facili- 
ties. 

For example, JP-A 2-104,551 in 1990 corre- 
sponding to AU-A 89 38037 published on 1 8 Janu- 
ary, 1990 shows a process for separating and 
purifying acetic acid and acetic anhydride obtained 
in such a reaction zone. More in details, the cata- 
lyst solution is separated with the use of a two- 
stage vapor-liquid separation zone having pres- 
sures different in each stage while the carbonyla- 
tion product is separated from the low-boiling-point 
raw materials with an atmospheric pressure in a 
one-stage distillation zone. The above shown pro- 
cesses not only require the two-stage vapor-liquid 
separation zone for circulating the catalyst solution 
to the reactor, but also have a drawback in that the 
second vapor-liquid separation zone is controlled 
under a reduced pressure, so that the catalyst 
becomes unstable to thereby cause crystallization. 
Further, it becomes necessary to increase the 
pressure of the fraction evaporated from the sec- 
ond vapor-liquid separation zone at a reduced 
pressure, prior to feeding the same to the distilla- 
tion zone. Still further, in the process described in 
the above laid-open specifications, the controlled 
pressure of the distillation zone where the product 
acetic acid and acetic anhydride are separated 



from the low-boiling-point fractions such as methyl 
iodide, methyl acetate and dimethyl ether is an 
atmospheric pressure, so that the capacity of cool- 
ing recovery of the low-boiling-point fractions such 

5 as methyl iodide, methyl acetate and dimethyl 
ether is poor at the top of the distillation column. 
Thus, problems are pointed out such that the heat 
exchanger to be disposed at the top of the distilla- 
tion column must be huge, that the amount of 

10 energy consumed by cooling is increased, and that 
the facility for recovery of an offgas discharged 
from the top of the distillation column must be 
huge. 

Further there is a problem that it is of no avail 
75 from the economic point of view when the em- 
ployed catalyst is expensive because, in the dis- 
tillation zone, the catalyst- entrained from the vapor- 
liquid separation zone is not recovered. 

20 [Description of the invention] 

The object of the present invention is to pro- 
vide a process for producing acetic acid and acetic 
anhydride, recovering low boiling point-having frac- 

25 tions such as methyl iodide, methyl acetate and 
dimethyl ether and then the entrained drops of the 
catalyst from the vapor-liquid separation zone ef- 
fectively in the production of acetic acid and acetic 
anhydride with a series of continuous production 

30 facilities. 

The purpose of the invention is to solve the 
above shown defects. The process of the invention 
is to produce acetic anhydride and acetic acid by 
reacting methanol and methyl acetate, optionally 

35 together with dimethyl ether, with carbon monox- 
ide, and comprises a reaction zone, a vapor-Iiquld 
separation zone, at least two distillation zones, and 
a third distillation (purification) zone. 

The low boiling point-having fraction is mainly 

40 composed of methyl iodide, methyl acetate and 
dimethyl ether and can be effectively separated in 
at least two distillation zone. The catalyst in the 
form of drops entrained from the vapor-liquid sepa- 
ration zone can be separated in at least one dis- 

45 filiation zone and returned to the reaction zone 
and/or the vapor-liquid separation zone. 

The invention includes a practically preferable 
embodiment comprising carrying out separation of 
three components. I.e., the low-boiling-point fraction 

50 consisting mainly of methyl iodide, methyl acetate 
and dimethyl ether, the catalyst entrained from the 
vapor-liquid separation zone and the product acetic 
anhydride and acetic acid, with the use of at least 
two distillation zones. 

55 It Is preferable that the steps of the vapor-liquid 

separation zone and the distillation zones can be 
effected by adjusting the pressure at 5 bar or 
below, that is, 5 bar to a pressure being larger than 
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the atmospheric pressure. 

That is, according to the present invention, 
there Is provided a process for producing acetic 
anhydride and acetic acid by reacting methanol 
and methyl acetate, optionally together with 
dimethyl ether, with carbon monoxide, which com- 
prises the steps of: 

(a) reacting methanol and methyl acetate, op- 
tionally together with dimethyl ether, with carbon 
monoxide or a mixture of carbon monoxide and 
hydrogen in the presence of a catalyst in a 
reaction zone at 150 to 250 'C and at 5 to 120 
bar: 

(b) flash-evaporating a carbonylated mixture 
withdrawn from the reaction zone in a vapor- 
liquid separation zone at 5 bar to a pressure 
being larger than the atmospheric pressure to 
thereby evaporate a major proportion of volatile 
fractions, which are fed to the first distillation 
zone, and recycling a catalyst solution not evap- 
orated in the vapor-liquid separation zone to the 
reaction zone; 

(c) obtaining in the first distillation zone a low- 
boiling-point fraction from the column top part 
and recycling the same to the reaction zone, 
and simultaneously obtaining a high-boiling- 
point fraction containing part of the catalyst 
mixed in by, for example, entrainment from the 
column bottom part and recycling the same to 
the reaction zone and/or the vapor-liquid separa- 
tion zone, while obtaining as a side cut a mid- 
boiling-point fraction containing mainly acetic 
anhydride and acetic acid; 

(d) feeding the mid-boiling-point fraction contain- 
ing mainly acetic anhydride and acetic acid, 
obtained as the side cut in the first distillation 
zone, to the second distillation zone; 

(e) further obtaining in the second distillation 
zone a remaining low-boiling-point fraction from 
the column top part and recycling the same to 
the reaction zone; 

(f) either obtaining a fraction consisting mainly of 
acetic anhydride and acetic acid as a side cut or 
from the column bottom part and feeding the 
same to the third distillation zone, or obtaining a 
high-boiling-point fraction containing part of the 
catalyst mixed in by, for example, entrainment 
from the column bottom part and recycling the 
same to the reaction zone and/or the vapor- 
liquid separation zone while obtaining as a side 
cut a fraction consisting mainly of acetic anhy- 
dride and acetic acid and feeding the same to 
the third distillation zone; and 

(g) obtaining in the third distillation zone acetic 
acid from the column top part and obtaining 
acetic anhydride as a side cut or from the 
column bottom part. 
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The metals of Group VIII of the periodic table 
as well as methyl iodide may be used as the 
catalyst in the above reaction. Examples of these 
metals include palladium, iridium, rhodium, nickel 

5 and cobalt. Of them, rhodium and nickel are pre- 
ferred. Rhodium exhibits the highest activity. Al- 
though the morphology of the catalyst in use is not 
particularly limited, it Is preferred that the catalyst 
be dissolved under reaction conditions, and it is 

10 especially preferred that the catalyst be one for- 
ming a carbonyl complex species in. the reaction 
system. 

Although the alkali metal salt used as a pro- 
moter is not particularly limited as long as it can be 

75 dissolved under reaction conditions, iodide and 
acetate salts are preferred. In particular, lithium, 
sodium and potassium iodides and lithium, sodium 
and potassium acetates are especially preferred. 
Also, salts of the elements having Lewis acidities of 

20 Group III of the periodic table may be used as the 
promoter. Although the morphology of each salt is 
not particularly limited as long as it is soluble under 
reaction conditions, iodide and acetate salts are 
preferred. In particular, aluminum and boron 

25 iodides and acetates, aluminum chloride, boric acid 
and metaboric acid are especially preferred. 

The process of the present invention in which 
rhodium is used as an example of the catalysts will 
be described below. 

30 The concentration of rhodium in a reaction fluid 

is generally in the range of 100 to 10,000 ppm, 
preferably 300 to 3000 ppm. The concentrations of 
methyl iodide, methyl acetate and/or dimethyl 
ether, acetic anhydride, and acetic acid in the 

35 reaction fluid are generally in the ranges of 10 to 
30%, 5 to 40%. 10 to 40%. and 0 to 40% by 
weight, respectively. The concentrations of metha- 
nol, methyl acetate and dimethyl ether are change- 
able on occasion, depending on the ratio of pro- 

40 duced acetic anhydride to acetic acid. Also, water 
may be fed as the raw material. Although the rate- 
determining step of thiis reaction when the con- 
centrations of the promoter and methyl acetate are 
high is the step of reaction between rhodium and 

45 methyl iodide, that when rhodium and methyl io- 
dide are in the high concentration ranges as deter- 
mined from the practical reaction rate is the step of 
reaction between the iodide as the promoter and 
methyl acetate, as described Adv. Chem. Ser.. 230 . 

50 377-394 (1992). 

The carbon monoxide for use in the reaction is 
not necessarily pure. The presence of an extremely 
small amount of an inert gas such as carbon diox- 
ide, nitrogen or methane never interferes with the 

55 carbonylation, as long as the partial pressure of 
carbon monoxide in the reactor is held at a con- 
stant value. Although the hydrogen content ad- 
vantageously acts on the catalytic activity, it may 
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lower the process selectivity by the formation of a 
hydrogenation product such as ethylidene dia- 
cetate. Accordingly, the partial pressure of hydro- 
gen in the reactor is preferred to range from 0 to 
10 atm. 5 

In the reactor, the reaction pressure, the reac- 
tion temperature and the partial pressure of carbon 
monoxide are held at 5 to 120 bar, 150 to 250 'C 
and 5 to 70 atm, respectively. 

The crude reaction fluid obtained by the reac- io 
tion in the presence of the catalyst and promoter is 
withdrawn from the reactor, and is flash-evaporated 
in a vapor-liquid separation zone controlled under a 
pressure not higher than the reaction pressure to 
thereby separate the same Into an unevaporated is 
catalyst solution to be recycled and a vapor con- 
taining produced acetic acid and acetic anhydride. 
Although the pressure of the vapor-liquid separa- 
tion zone is not particularly limited as long as it is 
not higher than the pressure of the reaction zone, 20 
only a slight difference therebetween is disadvanta- 
geous from the viewpoint of the efficiency of the 
process because the amount of vapor generated 
by the flash evaporation is small and the amount of 
recycled catalyst solution is large. For example, 25 
heating of the vapor-liquid separation zone in the 
presence or absence of CO and H2 would be 
considered as means for increasing the amount of 
generated vapor. However, the above heating 
causes a problem such that the catalyst becomes 30 
unstable in the vapor-liquid separation zone to 
thereby crystallize. Moreover, the heating of the 
vapor-liquid separation zone in the presence of CO 1 
and H2 causes not only a problem such that CO 
and Ha are additionally required but also a problem 35 
such that, for example, the low-boiling-point raw 
materials are entrained by fed CO and H2 gases 
from the distillation zone to result in the loss there- 
of, the recovery facility for which is inevitably huge. 
Contrarily, when the difference in pressure between 40 
the vapor-liquid separation zone and the reaction 
zone is large, there are problems such that not 
only is the vapor compelled to have a pressure 
increase prior to the feed to the distillation zone 
following the vapor-liquid separation zone because 45 
of the relative lowness of the pressure of the vapor- 
liquid separation zone, but also the catalyst is 
unstable in the vapor-liquid separation zone to 
thereby crystallize. Therefore, it is preferred that 
the pressure of the vapor-liquid separation zone be so 
controlled under 5 bar to a pressure being larger 
than the atmospheric pressure, especially 4 bar or 
below and 1 .5 bar or above. According to neces- 
sity, CO and/or H2 gas may be introduced 
thereinto. 55 

The unevaporated catalyst solution separated 
in the vapor-liquid separation zone is recycled as it 
is or after some treatment to the reaction zone. 
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High-boiling-point impurities such as tar and 
ethylidene diacetate are contained in the catalyst 
solution not evaporated in the vapor-liquid separa- 
tion zone. Therefore, according to necessity, the 
impurities may be decomposed and removed or 
just separated for purification prior to the recycling 
of the catalyst solution. In the recycling of the 
unevaporated catalyst solution separated in the va- 
por-liquid separation zone after the treatment of 
decomposition and removal or separation for pu- 
rification to the reaction zone, either the whole or 
only part of the catalyst solution may be subjected 
to the above treatment. 

The vapor generated by the flash evaporation 
in the vapor-liquid separation zone and containing 
acetic acid and acetic anhydride Is fed to the first 
distillation zone. When the controlled pressure of 
the first distillation zone is higher than that of the 
vapor-liquid separation zone, not only must the 
pressure of the vapor be increased prior to the 
feed from the vapor-liquid separation zone to the 
first distillation zone, but also the cost of the facili- 
ties of the first distillation zone per se and the 
energy cost to be borne for the separation rise, 
thereby causing disadvantages in the process. 
Contrarily, when the controlled pressure of the first 
distillation zone is too low, the capacity of cooling 
recovery of methyl iodide, methyl acetate and 
dimethyl ether is lowered at the top part of the 
distillation column. This causes problems such that 
the heat exchanger to be disposed at the top part 
of the distillation column must be huge, that the 
amount of energy consumed by cooling is in- 
creased, that the facility for recovery of an offgas 
discharged from the top part of the distillation col- 
umn must be huge, and that the entrained catalyst 
becomes unstable to thereby crystallize in the dis-~ 
tillation column. Therefore, it is preferred that the 
pressure of the first distillation zone be controlled 
under 5 bar to a pressure being larger than the 
atmospheric pressure, especially 4 bar or below 
and 1.5 bar or above. It is preferable that the 
pressure of the vapor-liquid separation zone (A 
zone) is the same as or a little larger than that of 
the first distillation zone (B zone). 

The vapor fed from the vapor-liquid separation 
zone to the distillation zone contains not only low- 
boiling-point fractions such as methyl iodide, meth- 
yl acetate and dimethyl ether and acetic acid and 
acetic anhydride as products, but also part of the 
catalyst mixed in because of the entrainment from 
the vapor-liquid separation zone. Attempting com- 
plete separation of three components, i.e., the low- 
boiling-point fraction vapor composed of methyl 
iodide, methyl acetate and dimethyl ether, the cata- 
lyst mixed in because of the entrainment from the 
vapor-liquid separation zone and acetic acid and 
acetic anhydride as products, only with the use of 
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a one distillation zone, causes problems such that 
the size (number of plates, column diameter and 
column height) of the distillation column to be 
provided for the separation and the energy to be 
supplied for the separation are impracticably huge. 
Therefore, it is preferred that at least two distillation 
zones be employed in the separation of acetic acid 
and acetic anhydride as products from the low- 
boiling-point fraction vapor of methyl iodide, methyl 
acetate and dimethyl ether fed from the vapor- 
liquid separation zone to the distillation zone. 

The vapor fed from the vapor-liquid separation 
zone to the distillation zone contains part of the 
catalyst mixed in because of the entrainment, etc. 
Accordingly, in the first distillation zone, it is pre- 
ferred to obtain a high-boiling-point fraction con- 
taining part of the catalyst mixed in because of the 
entrainment, etc., from the column bottom part and 
to obtain a mid-boiling-point fraction containing 
mainly acetic acid and acetic anhydride as a side 
cut. Although in this step the side cut of the mid- 
boiling-point fraction containing mainly acetic acid 
and acetic anhydride may be in the form of a liquid 
or a vapor, it is preferred that the side cut be in the 
form of a vapor. 

The low-boiling-point fraction obtained from the 
column top part in the first distillation zone and 
composed mainly of methyl iodide and methyl ace- 
tate is recycled to the reaction zone. The mid- 
boiling-point fraction containing mainly acetic acid 
and acetic anhydride and obtained as the side cut 
in the first distillation zone is fed to the second 
distillation zone. The high-boiling-point fraction con- 
taining part of the catalyst mixed in because of the 
entrainment, etc., and obtained from the column 
bottom part in the first distillation zone is recycled 
to the reaction zone and/or the vapor-liquid separa- 
tion zone. 

In the fractional distillation in the first distillation 
zone, an offgas consisting mainly of CO2. CO, CH4 
and N2 is withdrawn from the column top part, 
washed with methanol, methyl acetate and/or 
dimethyl ether as a feed material to thereby re- 
move remaining methyl iodide, and fed to combus- 
tion, while a mixture containing at least one mem- 
ber selected from among methanol, methyl acetate 
and dimethyl ether may be fed to the reaction 
zone. The above washing of the offgas may be 
conducted by the conventional method as de- 
scribed in. for example, Japanese Patent Laid- 
Open No. 58803/1986. 

The fraction obtained as the side cut in the first 
distillation zone which contains large amounts of 
acetic acid and acetic anhydride together with 
minute amounts of methyl iodide and methyl ace- 
tate is fed to the second distillation zone. In the 
second distillation zone, a low-boiling-point fraction 
composed mainly of methyl iodide and methyl ace- 
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tate is obtained from the column top part, while a 
fraction containing mainly acetic acid and acetic 
anhydride is obtained as a side cut or from the 
column bottom part. When a high-boiling-point frac- 

5 tion containing part of the catalyst mixed in be- 
cause of the entrainment, etc., remains, the low- 
boiling-point fraction composed mainly of methyl 
iodide and methyl acetate is obtained from the 
column top part, the fraction containing mainly ace- 

10 tic acid and acetic anhydride is obtained as the 
side cut, and the high-boiling-point fraction contain- 
ing part of the catalyst is obtained from the column 
bottom part. The high-boiling-point fraction is re- 
cycled to the reaction zone and/or the vapor-liquid 

75 separation zone. Although the above side cut may 
be in the form of a liquid or a vapor, it Is preferred 
to be in the form of a vapor. In this step, when the 
controlled pressure of the second distillation zone 
is higher than that of the first distillation zone, not 

20 only must the pressure of the fraction be increased 
prior to the feed from the tirst distillation zone to 
the second distillation zone, but also the cost of the 
facilities of the second distillation zone per se and 
the energy cost to be borne for the separation rise, 

25 thereby causing disadvantages in the process. 
Contrarily, when the controlled pressure of the sec- 
ond distillation zone is too low, the capacity of 
cooling recovery of methyl iodide, methyl acetate 
and dimethyl ether is lowered at the top part of the 

30 distillation column. This causes problems such that 
the heat exchanger to be disposed at the top part 
of the distillation column must be huge, that the 
amount of energy consumed by cooling is in- 
creased, and that the entrained catalyst becomes 

35 unstable to thereby crystallize in the distillation 
column. Therefore, it is preferred that the pressure 
of the second distillation zone be controlled under 
5 bar to a pressure being larger than the at- 
mospheric pressure, especially 4 bar or below and 

40 1.5 bar or above. 

If desired, in the fractional distillation in the 
second distillation zone, an offgas consisting main- 
ly of CO2 , CO, CH4. and N2 may be withdrawn from 
the column top part, washed with methanol, methyl 

45 acetate and/or dimethyl ether as a feed material to 
thereby remove remaining methyl iodide, and fed 
to combustion, while a mixture containing at least 
one member selected from among methanol, meth- 
yl acetate and dimethyl ether may be fed to the 

50 reaction zone. In this step, the washing of the 
offgas withdrawn from the second distillation zone 
may be conducted by the use of the above facili- 
ties employed in the washing of the offgas in the 
tirst distillation zone. 

55 The fraction containing mainly acetic acid and 

acetic anhydride and obtained as a side cut or 
from the column bottom part In the second distilla- 
tion zone is fed to the third distillation zone. In the 
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third distillation zone, a fraction composed mainly 
of acetic acid Is obtained from the column top part, 
while a fraction composed mainly of acetic anhy- 
dride Is obtained as a side cut or from the column 
bottom part. 

In this step, the controlled pressure of the third 
distillation zone is not particularly limited. However, 
when the controlled pressure of the third distillation 
zone is higher than that of the second distillation 
zone, not only must the pressure of the fraction be 
Increased prior to the feed from the second distilla- 
tion zone to the third distillation zone, but also the 
cost of the facilities of the third distillation zone per 
se and the energy cost to be borne for the separa- 
tion rise, thereby causing disadvantages in the 
process. Therefore, it is preferred that the con- 
trolled pressure of the third distillation zone be 5 
bar or below, especially 1 bar or below. 

When a side cut is taken in the third distillation 
zone, the side cut composed of a fraction contain- 
ing acetic anhydride may be in the form of a liquid 
or a vapor, although the latter is preferred. 

According to necessity, separating and treating 
steps may be provided prior to the feed to the third 
distillation zone in order to remove a minute 
amount of impurities from the fraction composed of 
acetic acid and acetic anhydride and obtained from 
the second distillation zone. 

The acetic acid obtained from the column top 
part in the third distillation zone as it is may be 
either recovered as a product, or recycled to the 
reaction. Moreover, according to necessity, at least 
one operation selected from among ozonization, 
treatment with an ion exchange resin and further 
distillation purification may be carried out. or at 
least two operations selected from thereamong 
may be performed in combination before the re- 
covery of the acetic acid as a product. Likewise, 
the acetic anhydride obtained as the side cut or 
from the column bottom part in the third distillation 
zone as it is may be recovered as a product, and 
according to necessity, at least one operation se- 
lected from among ozonization, treatment with an 
ion exchange resin and further distillation purifica- 
tion may be carried out, or at least two operations 
selected from thereamong may be performed in 
combination before the recovery of the acetic an- 
hydride as a product. 

The present invention not only reduces the 
facility cost and the energy cost to be borne for the 
separation, but also improves the capability of re- 
covering low-boiling-point fractions and further re- 
covers the entrained catalyst, so that acetic anhy- 
dride and acetic acid can efficiently be produced 
with the use of a sequence of production facilities 
according to the present invention. 
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[Examples] 

Hereinbelow, the. present invention will be de- 
scribed in greater detail with reference to the Ex- 
5 amples, which should not be construed as limiting 
the scope of the invention. 

[Example 1 ] 

70 Acetic acid and acetic anhydride were pro- 

duced each at an hourly rate of 0.1 kg with the use 
of a pilot plant for producing acetic anhydride and 
acetic acid, which was equipped with a reaction 
zone (reactor) of 500 ml in inner volume. The 

15 reaction fluid contained rhodium, methyl iodide and 
methyl acetate in respective concentrations of 1 000 
ppm, 20% by weight and 17% by weight. As a 
promoter for accelerating the reaction, aluminum 
acetate, lithium iodide and boric acid were added 

20 in respective amounts of 10 times, 20 times and 20 
times the mol of the rhodium. The reaction was 
carried out at 190"C and at 30 kg/cm^. The reac- 
tion fluid was transferred to a vapor-liquid separa- 
tion zone (evaporator) controlled under a pressure 

25 Of 1.4 KG (2.4 kg/cm2) to thereby effect flash 
evaporation. The liquid fraction containing the cata- 
lyst which was not evaporated by the flash evap- 
oration was recycled to the reactor. 

The vapor generated by the flash evaporation 

30 in the evaporator was fed to the first distillation 
zone (distillation column). The first distillation col- 
umn was controlled under a pressure of 1.4 KG 
(2.4 kg/cm^) and a reflux ratio of 3.5. In the first 
distillation column, a low-boiling-point fraction com- 

35 posed mainly of methyl iodide and methyl acetate 
was obtained from the top part of the column, and 
recycled to the reactor. Simultaneously, a mid- 
boiling-point fraction containing mainly acetic acid 
and acetic anhydride was obtained as a side cut, 

40 while a high-boiling-point fraction containing part of 
the catalyst mixed in because of the entrainment, 
etc.. was obtained from the bottom part of the 
column. The mid-boiling-point fraction containing 
mainly acetic acid and acetic anhydride and ob- 

45 tained as the side cut from the first distillation 
column was fed to the second distillation zone 
(distillation column), while the high-boiling-point 
fraction fluid obtained from the bottom part of the 
first distillation column was recycled to the reactor. 

50 An offgas consisting mainly of CO2, CO, CH4. 

and N2 was withdrawn via a heat exchanger from 
the top part of the first distillation column, washed 
with methanol and methyl acetate to thereby re- 
move remaining methyl iodide, and fed to combus- 

55 tion, while a mixture of methanol and methyl ace- 
tate containing part of the offgas and methyl iodide 
was recycled to the reaction zone. The second 
distillation column was controlled under a pressure 
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of 1 .4 KG (2.4 kg/cm^) and a reflux ratio of 2.3. In 
the second distillation column, a low-boiling-point 
fraction composed mainly of methyl iodide and 
methyl acetate was obtained from the top part of 
the column, and recycled to the reactor. Simulta- 
neously, a fluid fraction composed mainly of acetic 
acid and acetic anhydride was obtained as a side 
cut and fed to the third distillation zone (distillation 
column), while a high-boiling-point fraction fluid ob- 
tained from the column bottom part of the second 
distillation zone was recycled to the reaction step. 

The third distillation column was controlled un- 
der a pressure of 300 Torr and a reflux ratio of 5.0. 
In the third distillation column, acetic acid as a 
desired product was obtained from the top part, 
while a fraction composed mainly of acetic anhy- 
dride was obtained from the bottom part. The low- 
boiling-point and high-boiling-point fractions were 
removed from the fraction composed mainly of 
acetic anhydride and obtained from the bottom part 
of the third distillation column, thereby obtaining 
acetic anhydride as a desired product. 

[Example 2] 

A production of acetic acid and a production of 
acetic anhydride were produced each at an hourly 
rate of 0.2 kg with the use of a pilot plant for 
producing acetic anhydride and acetic acid, which 
was equipped with a reaction zone (reactor) of 500 
ml in inner volume. The reaction fluid contained 
rhodium, methyl iodide and methyl acetate in re- 
spective concentrations of 1000 ppm, 20% by 
weight and 17% by weight. As a promoter for 
accelerating the reaction, aluminum acetate, lithium 
iodide and boric acid were added in respective 
amounts of 10 times, 20 times and 20 times the 
mol of the rhodium. The reaction was carried out at 
190*C and at 29.4 bar. The reaction fluid was 
transferred to a vapor-liquid separation zone (evap- 
orator) controlled under a pressure of 2.4 bar to 
thereby effect flash evaporation. The liquid fraction 
containing the catalyst which was not evaporated 
by the flash evaporation was recycled to the reac- 
tor. 

The vapor generated by the flash evaporation 
in the evaporator was once cooled and freed from 
the pressure and liquefied again was fed with the 
pump for liquid preparing to the 20th from the top 
plate of the first distillation zone (distillation col- 
umn) as the oldershow distillation column having 
40 mm diameter and 20 plates. The composition of 
the liquid preparing to the first distillation is 37.2 
wt% of methyl iodide, 25.3 wt% of methyl acetate. 
17.3 wt% of acetic acid, 18.5 wt% of acetic anhy- 
dride and 1.7 wt% of others. The first distillation 
column was controlled under a pressure of 2.4 bar 
and a reflux ratio of 3.5. In the first distillation 
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column, a low-boiling-point fraction composed 
mainly of methyl iodide and methyl acetate was 
obtained from the top part of the column with the 
distillate rate of 45 %, and recycled to the reactor. 

5 Simultaneously, a mid-boiling-point fraction con- 
taining mainly acetic acid and acetic anhydride was 
obtained as a side cut with the side cut rate of 
52%. while a high-boiling-point fraction containing 
part of the catalyst mixed in because of the entrain- 

10 ment, etc., was obtained from the bottom part of 
the column. The composition of the low-boiling- 
point fraction obtained from the top of the tirst 
dillution column is 72.9 wt% of methyl iodide, 26.0 
wt% of methyl acetate. 1.1 wt% of others. Further. 

75 the location of the side cut Is second from the 
bottom (when the bottom is numberd as first). 

The mid-boiling-point fraction containing mainly 
acetic acid and acetic anhydride and obtained as 
the side cut from the first distillation column was 

20 fed to the second distillation zone (distillation col- 
umn), while the high-boiling-point fraction tiuid ob- 
tained from the bottom part of the first distillation 
column was recycled to the reactor. The composi- 
tion of the above middle-boiling-point fraction is 

25 32.0 wt% of acetic acid, 32.5 wt% of acetic anhy- 
dride, 8.1 wt% of methyl iodide, 25.8 wt% of meth- 
yl acetate and 1 .6 wt% of others. 

The second distillation column which is the 
oldershow distillation column having 40 mm diam- 

30 eter and 30 plates was controlled under a pressure 
of 2.4 bar and a reflux ratio of 2.3. Further, the 
preparing plate is 13th from the top. In the second 
distillation column, a low-boiling-point fraction com- 
posed mainly of methyl iodide and methyl acetate 

35 was obtained from the top part of the column with 
the distillation rate of 35 %, and recycled to the 
reactor. Simultaneously, the middle-boiling-point 
fraction consisted mainly of acetic acid and acetic 
anhydride was obtained as a side cut with the side 

40 cut rate of 64 % and the high-boiling-point fraction 
consisted partly the catalyst extrained was obtEuned 
from the bottom of the column. The composition of 
the low-boiling-point fraction obtained from the top 
of the second distillation column is 22.9 wt% of 

45 methyl iodide, 72.9 wt% of methyl acetate, 4.2 wt% 
of others. The middle-boiling-point fraction con- 
sisted mainly of acetic acid and acetic anhydride 
obtained from side cut of the second .distillation 
column was fed to the third distillation zone (dis- 

50 tillation column), while a high-boiling-point fraction 
fluid obtained from the column bottom part of the 
second distillation column was recycled to the re- 
action step. The compositon of the middle-boiling- 
point fraction is 49.6 wt% of acetic acid, 50.3 wt% 

55 of acetic anhydride and 0.1 wt% of others. Further, 
the location of the side cut is second from the 
bottom (when the bottom were counted first). 
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The third distillation column, which is older- 
show distillation column having 40 mm diameter 
and 60 plates, was controlled under a pressure of 
0.4 bar and a reflux ratio of 5.0. Further, the pre- 
paring plate is 37th from the top. In the third 
distillation column, acetic acid as a desired product 
which is 99.9 wt% was obtained from the top part, 
while a fraction composed 99.8 wt% of acetic an- 
hydride and 0.1 wt% of acetic acid mainly of acetic 
anhydride was obtained from the bottom part. The 
low-boiling-point and high-boiling-point fractions 
were removed from the fraction composed mainly 
of acetic anhydride and obtained from the bottom 
part of the third distillation column, thereby obtain- 
ing acetic anhydride as a desired product. 

In the pilot producing, the concentration of the 
rhodium in the reactor is continueing measured. It 
reduce with the rate of about 1 ppm/day. 

[Comparative Example 1] 

The vapor generated by the flash evaporation 
in the evaporator, obtained in Example 2, was once 
cooled and freed from the pressure and liquefied 
was fed again with the liquefing pump to the 13th 
plate from the top of the distillation column having 
40 mm diameter and 30 plates and controlled 
under normal pressure and a reflux ratio 3.5. The 
low-boiling-point fraction consisted of mainly meth- 
yl iodide and methyl acetate was obtained from the 
top of the column was fed to the reactor and the 
liquid consisted of mainly acetic acid and acetic 
anhydride was obtained from the bottom of the 
column was provide to the third distillation column 
(this indicates separation of the low-boiling-point 
fraction was conducted in one distillation zone, and 
further the catalyst entrained did not feed to the 
reactor). 

The third distillation column is the oldershow 
distillation column having 40 mm diameter and 60 
plates and is controlled under a pressure of 0.4 bar 
and a reflux ratio 5.0. In the third distillation col- 
umn, the product of acetic acid was obtained from 
the top of the column and the fraction consisted 
mainly of acetic anhydride was obtained from the 
bottom of the column. The low-boiling-point and 
high-boiling-point fractions were removed from the 
fraction composed mainly of acetic anhydride and 
obtained from the bottom part of the third distilla- 
tion column, thereby obtaining acetic anhydride as 
a desired product. 

The concentration of rhodium in the reacting 
liquid reduced the rate of about 3 ppm/day be- 
cause the catalyst entrained from vapor-liquid sep- 
aration zone did not recover. 

Further, not only the amount of methyl iodide 
mixed into the product of acetic acid was Increas- 
ing but the amount of methyl iodide exhaused in 



gaseous form from the bent of the condenser of 
the tirst distillation column is Increasing, the result 
thereby the concentration of methyl iodide in the 
reacting liquid can not keep constant. 

5 

Claims 

1. A process for producing acetic anhydride and 
acetic acid by reacting methanol and methyl 
10 acetate, optionally together with dimethyl ether, 

with carbon monoxide, which comprises the 

steps of: 

(a) reacting methanol and methyl acetate, 
optionally together with dimethyl ether, with 

IS carbon monoxide or a mixture of carbon 

monoxide and hydrogen in the presence of 
a catalyst in a reaction zone at 150 to 
250 • 0 and at 5 to 1 20 bar; 

(b) flash-evaporating a carbonylated mixture 
20 withdrawn from the reaction zone in a va- 
por-liquid separation zone at 5 bar to a 
pressure being larger than the atmospheric 
pressure to thereby evaporate a major pro- 
portion of volatile fractions, which are fed to 

25 the first distillation zone, and recycling a 

catalyst solution not evaporated in the va- 
por-liquid separation zone to the reaction 
zone; 

(c) obtaining in the first distillation zone a 
30 low-boiling-point fraction from the column 

top part and recycling the same to the reac- 
tion zone, and simultaneously obtaining a 
high-boiling-point fraction containing part of 
the catalyst mixed in by. for example, en- 

35 trainment from the column bottom part and 

recycling the same to the reaction zone 
and/or the vapor-liquid separation zone, 
while obtaining as a side cut a mid-boiling- 
point fraction containing mainly acetic anhy- 

40 dride and acetic acid; 

(d) feeding the mid-boiling-point fraction 
containing mainly acetic anhydride and ace- 
tic acid, obtained as the side cut in the tirst 
distillation zone, to the second distillation 

45 zone; 

(e) further obtaining in the second distilla- 
tion zone a remaining low-boiling-point frac- 
tion from the column top part and recycling 
the same to the reaction zone; 

50 (f) either obtaining a fraction consisting 

mainly of acetic anhydride and acetic acid 
as a side cut or from the column bottom 
part and feeding the same to the third dis- 
tillation zone, or obtaining a high-boiltng- 

55 point fraction containing part of the catalyst 

mixed in by, for example, entrainment from 
the column bottom part and recycling the 
same to the reaction zone and/or the vapor- 
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liquid separation zone while obtaining as a 
side cut a fraction consisting mainly, of ace- 
tic anhydride and acetic acid and feeding 
the same to the third distillation zone; and 
(g) obtaining in the third distillation zone 5 
acetic acid from the column top part and 
obtaining acetic anhydride as a side cut or 
from the column bottom part. 

The process as claimed in Claim 1 , wherein an ro 
offgas consisting mainly of CO2, CO, CH4 and 
N2 is withdrawn from the column top part in 
the fractional distillation in the first and/or sec- 
ond distillation zone, washed with methanol 
and/or methyl acetate as a feed material to 75 
thereby remove remaining methyl Iodide, and 
fed to combustion while a mixture composed 
of the methanol and/or methyl acetate is fed to 
the reaction zone. 



The process as claimed in Claim 1 or 2, 
wherein the first and second distillation zones 
are controlled under a pressure of 5 bar to a 
pressure being larger than the atmospheric 
pressure. 

The process as claimed in Claim 1, 2 or 3, 
wherein the third distillation zone is controlled 
under a pressure of 5 bar or below. 

The process as claimed in Claim 1, 2 or 3, 
wherein the third distillation zone is controlled 
under a pressure of 1 bar or below. 
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